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INVESTIGATION OF MIXTURES OF HYDRAZINL, HYDRAZ1L
NITRATE AND VATER

Quartorly Progress Report, 3rd Quarter
Prepared by

Re Do Dwiggins, B, ¥, Larrick and
E, Fo Davis

ABSTRACT: 1Investigations being pursued during the fiscal

year 1953 includo the following toplicss (1) Reaction rate
studles at high preasures, (2) Ignition studies, (3) Stability
and compatibility of solutions, %ﬁ) Impetus measurements, and
(5) Deto~ »*:_11ty, Fquipment 18 now being received for burning
rate :uwulles at pressures up to 30,000 psi, The bomb and
apparatus for reaction ratoc studies at pressures up to 100,000
psi have been instalied and are becing tested. An ignition
study homb wes desigrod and preliminary tests aro veling made,
Stabllity and corpatibility tests have been contimued at
ambient temperature and a modified apparatus is describod for
extensing these <osts to 165°F, A method 1s nrescnted for

applying heat loss corrections %o the maximm prossures obtained

in bomo firings, This will permit more reliable determination

of impetus, Further data obtained in the evaluatior of methods

for analysis of hydrazine, smmonia, and hydrazine nitrate
mixtures are prosented,
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¢ The materlal presented in this Report was obtainod under
Task II0L~Re2d-12~1=52, I.iquid Propollants for Guns. This
Report 18 in the nature of a progress report covering the
period from 1 July to 30 September 1952, Since these invese
tigations are continuing, tho data and conclusions presented
should be regardod as tentat.ve ponding complation of the
project.
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: INVESTIGATION OF UMIXTURES OF HYDRAZINE, HYDRAZINE
NITRATE AND VATER

INTRODUCTION

1. The Laboratory by reference (a) was assigned a general
task for the investigation and evaluation of 1liquid propel-
lants for s. Work comploted has been reported in references

| (b) ard (c). The program for the fiscal year 1953 includes
the following topics: (1) Investigation of reactlion rates at
high pressures, (2) Ignition studies, (3) Stability and compat-
1bility of solutions, (L) Impetus reasurements, and (5)
Detonability investigations.

|

|

|

|

|

|

Part I - Reaction Rate Studies at High Pressures

2. Reaction rates will be determined by burning a column of
. the hydrazine~hydrazine nitrate solution and measuring the
veloclty of the advancing rcaction front. The tests will be
conducted in & large volume bomdb pre-pressuriged to selected
pressures with nitrogen or helium, In this way quantitative
data on the variation of burning rate with pressure may be
obtained. This work will be divided into two parts., Tha
first experiments will be conducted at pressures from 5,000
psi to 30,000 psi, while the svcond part of the work will
determine burning rates at pressures rrom 30,000 to 100,000
- psil in a specially designed high-rrossure bomb,

3. The bomb to be used for burning rate studies at pressures
up to 310,000 psi has a volwne of C ¢c. This volume may be
varlied by placing inserts_Jpto the cavity. The pressurizing
2as will be JIrewn from regulaer cylinders and compresscd by &
motor-driven gas booster pump to the deasired operating pressure,
The solution to be tested will be placed in a polystyrene or
glass tube through which fine copper wires are sealed at
one~inch intervals. Small resistors are arranged around the
sample tube and connected to the burn-out wires so that
breaking of a wire will produce sufficient signal to be
pictured on an oscilloscope. The deteils.of this arrangement
are given in Figure 1. The burning rate tube will be potted
into a 1" pipe wlhich can be inserted into a well in the
bottom of the bomb. Electrical contact through tae cap of

the bomy 1s provided by two electrodes. The cap is held by
eipght 3/4L" bolts. The pressurizing pump and sccessories sre

schaduled for early delivery so tnat work can soon progress
' on this phase.

L. Installation of the very high=pressure bomb and pressurizing
equipment has been completed. .0On completion of preliminary
tests, this apparatus will be rerdy for operation.,

1 .
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Part II - Ignition Studies -
« Se A program of 1gnition investigations has been planned,
It 18 intended that various types of ignitlon will be
o investigated to detormine the most desirable method., This

study will cover (1) ignition delays, (2) the sffect of the
charactsr of ignition on the rate of pressure rise, (3) the
minimum prossures at which ignition 4s sustained, and (l)
the effect of loading density in irfluencing the burning
rate and maximum pressure ottsined,

6. The bomb to bs used in the igrition studies is of the
blow-out type. By selection of the proper thickness of
blow-cut disc, maximum préssures cbtained can be controlled
within reascnable limits, Thus it will be possible to operate
up to loading densities approaching 1.0 wi thout reaching
oxceedingly high pressures providing detonation does not
occure The bomb has & volume of approximately 12 cc,
Pressure-time traces will be recorded using an Aberdeen,
resistance~type pressure gauge and a Polaroid-Land camere,

An expanded view sketch of the bomb is shown in Figure 2,

Part III - 3tability and Compatibility Studies

7o The closed system oompatibllity studies described in

- references (b) have continued during the present periocd. The
compatibility of various mixtures of hydrazine, hydrazine
nitrate and water with polyethylene, polystyrane, nylon,
teflon, aluminum and tictanium is being studied for periods
up to one year at room temperature. Each material 1s tested
in four sslutions having the following compositionss

% Hydrazine
Solution ¢ Hydrazine Nitrate & Tater % Armonia

w . 0.0 1.9 0.7
X 33,§ 18.1 3.0 0.5
Y 19,0 78.4 1.8 062
z 9 4s.3 9. 0.l
8. Each plece of materlal, 3/8" x §" x 1/8", was placed
* in a 10-ml test tube contalning 3 ml of sclution. Ths tupe

was piaced in a larﬁe pyrex flask which was t hen sealed off,
Pressures are read from an opsn tube mercury manometer sealed
’ into the flask, ‘

2
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9. GCompatibility of the materials with the sclutions in
based ocn (1) the rate and magnitude of gaa evolution, (2)
macroscopic examination of the test sty Py (3) comparison

. of weight and physiocal dimensiors before and after test,

(4) by analysis of the solution before and after the
test. However, the mcst significant index of compatibility
is provided by points (1) and (4)s The gas evolution for
-periods up to 238 days at room temperature 1s shown in Figures
3 to 10, Table T presents the data for those teste that have
been concluded, All of these except aluminum 2S in solution
Z were discontinued because of breakage or other accident to
the apparatus, Aluminum 2S5 in solution Z was discontinued
because of the rapid rate of pressure rise in the system,
All of the control solutions have been continued., The
quantities of gas evolved for the last 100 days of observa-
tion for all the tests still contimuing are given in Table II,

10, The results presented in Table I indicate that polystyrene
and nylon are compatible with the solutions tested alth

some decomposition of the solutions has occurred, The erratic
behavior of aluminum still 1s unexplained, However, as
indicated in Table II, a repeat test of alumirum 28 in solution
T has shown little gas8 evolution. FPurther testis with aluminum
at 160°F may afford more definite oconolusions regarding the
compatibllity of aluminmm with soiutions sontaining hy

and hydrazine nitrate,

Part IV - Impetus Measurements

1l, The impetus of various hydrazine-hydrazine nitrate mixtures
has been reported in referenas (b)e In thene measwrencnts the

1f corrections for low maxirmum pressure due to heat loss wers
applied, Crow and Grimshaw (reference (d)) suggest a mothod

for corresting for loss of pressure due to cooling, If is
the observed pressure and ? the pressure that would have goen
observed 1f no cooling had ocourred during burning then r = Pa

l-K-;%
where ¢t is time to observed maximum presgure, The coefficient

K can be determined by burning equal uvantities of the 1iquiad

in two tubes of different diameter recording P-T curves,
Alternatively, the bomd may be pre-pressurizad at two different

pressures, using the same quantity of propellant and ein
noting Po’and t. o8

3
CO'FIDENTIAL
SECURITY INFORMATION




CONFIDENTIAL
NAVORD Report 2715

12, The equation of state may then te written
P(Vb-ﬂb)b) = waRT - wbrb

N vhere P = gorrected obgserved pressure

i v; = volume of empty, closed dbomd

Hb = weight of liquid charge
’hp = covolume per unit mass of propellant gas

Fb * lmpetus or force constant of the propellant .

However, if the igniter produces gas, a correction must be
applied. The impetus covolume of the igniter is estimated
by firing two charges of the igniter at different loading
densities and solving the equation of state,

P(Vo= Wyh) =W F,

Therefore, for a charge W of liquid propellant and charge
of igniter Wi, the oquatign of state becomes,

P(VOJ:I 1"‘1'"{'};’ - W 1?1»:9?’,

or gp = P(V’-¥i1¥-w 1b)-w1r1
p

If the bomd 1s pressurized pric: to the ignition of the
propellant, the equation becomss,

AU SN LSRR +7,
vhere, wg = the weight of the pressurizing gas

-
‘xg = covolume of the gas
PE ® pressure of vessel prior to ignition

Then, solving for impetna,

i f‘_"e’_"i’i‘%“%ﬂ:ﬁ’““’fﬁé
. p

Part V - Detonability Scudies

13, Detonability studies as reported in referance (e¢) wil:
be extended to cover card sensitivity tests on a ceries of
golutions. In these tests, the card value of the test

charge is determined by f£ina: the number of cards required
between the 50-gram tetryl pellet and the*tost charge gn

%
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order to attenuate the shock to the extent that the test ¢
charge 1s nof Aetonated. The materials for these tests
have been assembled and are awaiting the time and availabil-
ity of personnsl.

Part VI - Fvaluation of Analytical Methods

Introduction

J4, There has been developed during the past year an analyti-
cal rrocedure for the determinaticn of hydrazine, hyirazonium
salts and armonia rhich hac heen quite useful for the analysis
of 1iqmid propellant composit?‘ons corvosed of hydrazine, hydra-
zine nitrate, water., and srall amounts of ammonia.

15. The chief sdvantages of the procedure Aescribed below are
simplicity and speed with adequate accuracy. The procedure
emnloys successive acidimetric titrations on a single sarple
as followss

a. Neutralization of the sample with standard acid to
determine the total basic comronents (hydrazine and armonia).

b. Reaction of the hydrazonium ion «ith excess acetone
forming dimethylazine. and titration of the acid liherated
. ~ith standard base. This deterrines the sum of free and com-
bined hydrazine (hydrazine and hydrazine salts).

|

|

|

\

|

H * + OCH_COCH_—»(CH.) C=NN=C(CR_) _+2H 0 + H~

| N?"S 90H3 3 32 32 e

‘ ¢c. Reaction of the ammoniu~ ion with excess formaldehyde
‘ forming hexamethylenatetramine, and +itration of the acid 1lidb-
erated with standard base. This deter~ines amronia.

|

K4 +
4Nh4 + 6HCH0-1P(CH2)6N4 + 6H20 4+ 4H

d. Subtracting the result for ammonia fro~ the result
for total basic comronents determines hydrazine. Subtracting
+he result for hrirazine from the result for +he sum of free
and combined hydrazine determines hydrazine salts. The re-
mainder of the savple is assumed to he vater.

Fxperimental Procedure

. 16. The analytical procedure was evaluated by comparison vith
the direct 1icdate method for the determination of hvdrazine.

9
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a. Potassium icdate (XIO )y 0.i260 moles per liter

- standardized potentiometricall? against samples of arsenieo
N trioxide primary standara. :
f b. Sodium hydroxide (NaOH}, C.1388 moles per liter,

CO, free, standerdized against samples of potassium

aclid phthslate primary standard, using & Reckman pE meter
to determine end rcints,

¢, Nitric acid {HNO5), 0.1709 moles per :iter stand -
ardlzed against trs standard sodium hydroxide solutlon. using
& Beckman pH meter to determine end pointa.

d. A standard solution of hydrazine (N,H) Jy containing
approximately 5.4 grams of NZI per liter, prepared using

freshly boiled distiiled water. This solution was kept under
an atmosphere of nitrogen. A 25.00-x) automatic plret was
employed for measuring samples, The hydrazine solution was
standardized, ard re-standardized frequently, by the direect
iodate method., This method involves fp introcuction of_ the
sample into 8 norral aqueous hydrochlorie acid solutior. and
titration with standsrd potassium 1cdate. The end point wes
determined potentiometrically using a piatinum--tungster
electrods pair.

€. A.standarc rolution of ammonie, containing approxi -
mately 1.5 grams of smmonia (NH4) per liter, ard standerdized
against the standard nitrie aci% sclutior, usirg a Beckman
PH meter to determine end voirnts.

fo Acetone, reagent grade
€. Formaldehyde solution, 37#%, reagent grade

h, Indicator soluticn containing 0,08% tromocresol o
green, 0,05% nethy) red, Oqésk bromothymol bilue, 0,05%

phenol red, ail dissolved in 95¢ ethyl alcohol, and neutralized

to pHS with sodium hydroxide solution. .

Procedure

17: 8o Pipet an sxcese (2.5 10+3F standard itrie
a'350-m1 behker . ° i andard ritric acid into

i b, Pipet 25.20 ml ofﬁstandardized nydrazine sclution intn
the acid solution, egitating the beaker to perrit rapig nixing,

€. Pipet the desirad volume of stzndardizad ammonia soly -
' tion into the beaker,

»

]
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*d. Ad4 three drops of the indicator solution. The color
of the solution should be pink, indicating that the pH is less
than

*e, 8tirring the solution mechanically, backtitrate with
standard sodium hydroxide solution dropwise until the color
changes from pink to orange-yellow, indicating a PB of %.7.
Record tho milliiiters of sodium hydroxide required for the
backtitraticn.

*f. Add 10 ml of acetone, and contirue adding standard
sodium hydroxide solution, rapidly at first, to neutralize the
acid liberated by the formation nf dimethylazine. When the
color of the solution changes from yellow to green, stop the
addition of sodium hydroxide for about ocne minute, then resume
the titration dropwise until the first appearance of blue in
the green solution, indicating a PH of 7.6, Calculate the
milliliters of stardard sodium hydroxide used after the addition
of acetone by subtracting the milliliters renquired for the
previous titration, from the buret reading after the addition
of acetone, and record this value.,

*go Add 10 ml of 37% formaldehyde solution to the beaker
and continue the addition of standard sodium hydroxide drop-
wise, until the color of the solution changes from green to
purpia, indicating a pH of 7.9. Be sure the purple color is
permanent before recording the milliliters of standard sodium
hydroxide required. This value is calenlated by subtracting
the milliliter values for the two previocus titrations from the
buret reading.

*h. Formalaehyde solution is slightly acid, Ten milli-
liters require about 003 ml of the standard sodium hydroxide
te neutralize it to pE 7.9. Determine the formaldehyde blank
by repeating step g for a few representative determinations
and averaging the values for the milliliters of standard sodium
hydroxide required,

*i. If the pH meter is used to determine end points; omit
the colorimetric indicator solution. Record graphically the
PH values for successive additions of atanderd sodium hydroxiGe
solution for all titrations. Record values from at least 0.5
before each end point to at least 0.5 ml beyond, recording
for each added drop near the end point. The end point is
Tepresented by the point of inflection for each curve, At the
ggnclusion of step f and step geadd accurately about one miljif-
ter of standard nitric acid fore prcceeding. This added
. acid mst be considered in the calculations,

* Far the procedure employe
meter see "Procedure,mgtgg'gufor determinations using the pH

4
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Calculations
180 Let:
Vh = milliliters of standard nitric acid used.

ka = milliliters of standard sodium hydroxide used for
the backtitration, .

v = milliliters of standard sodium hydroxide used

& after the additicn of acetone,
v = milliliters of standard sodium hydroxide used
£ after the addition of formaldshyde.

= milliliters of standard sodium hydroxide used
bl for the formaldehyde blank,

Then,
Moles of total N2H‘+ = ,1888 Va (1)
1000
Moles of NH3 = 1888 (Vf - vbl) 2)
‘ 1000
Moles of NH3 ¢+ free “2Ha = ,1709 Vho°1888vbk (3)
1000

Moies of free Nzﬂk = (3) - (2)

Moles of N2H5+ = (1) = (&)
19, The end points for the first five samples used in the
evaluation of the analytical procedure were determined with a
Beckman pH meter. These resuits are given in Table ILI., The
values presented in Table IV werc cdtained by using the colori-
metric indicatnr mixture to determine end points. Figures 10
and 11 show representative titration curves obtained by plotting
DH values against milliliters of standard sodium hydroxide solu-
tion for the three f:itrations performei on a eingle sample.,
The mixed indicator used was found to glve sharp color changes
at the pH values correspording to the inflection points,

Discussion

20, As the analytical method 1s presented here, two results
for hydrazine are obtained in the analysis of each sample. The

8
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first of these is dorived froan the neutralization 4 th stardaxd
acld of free (basic: hydrezine, If, however, & sample centaltiiing
a salt derived rrom hydrazine and a strong acid wers acutrelised
with stendard acid, no analysis for the hydrazine ccabt-ined in
the salt would be obhtained. Inmcdlately before ti.o adcition of
acetone, all of the hydrazine cortained in tho sample iu present
as the hydrazine sa’t of a strong acide Acetone liveretos the
acld by reactins wish ths hydrazine, foerming dimethnylia:ine,

which 13 & much weaker base than nycrazine, This acid. when
titrated with standard base, permits a detormination of the sum
of the free and ccmbined hydrazine present in the saaplie
origirally. By subtracting the rosult for free hydrazine fromn
the result for total hydrazine, the quentity of hydrazine
originally present us thc sals of a strong acic can be ceterminad,
The results of this evaluation Indicate that frse hydrzzine rione
can be detormined with an erropr of -0.3%, with a standeprd
deviation of 0.4% when suploying the pH moter to detorr ine end
points, and with an error of «0.5%, and standard deviation of
0.4% when employing the colorimetric indicators, flgaree fop
hydrazine salts alone, with no froe hyérazino, would be the

same. The accuracy and precision velues ror mixtures cf
hydrazine and hydra:ine salts would be less favorabl: alnce the
sample size 13 deteimined by “he sum of fraes and comdired
hydrazine,

21, Table V presenvs data showing estimated accuracy 'or tho
analysis of the tri..component syatem Eydrazine, hydrnzire
nitrate, water, using samples containing about ColS aroms of
total hydrazine, standard acida and tase solutions approxinmately
0.15 norzal, and empl~ving tha colorimetric indicator solution,
The valuss f>r Table V wero eatimated as follows:

Error for Fres NoE) = %- x

Error for HZHSN°3 =5 xCx

WVherae :

=3
1 o 9]

A = grams total Naﬁuin sarple

ol

= gromg I'ree Nan in sample

average error for free NZHL from Tablie I

= gproams NEHM combined as N2H5N03

B U a

= mo.ecular weisht of N2H5N03

= moiecular weight of-NZHh

'

Yhen water is prcsent, the sample weight 13 incrsased so thet
all samples contain 0.15 grams of total hydrazine,

9
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Ammonia, like ayﬂraziﬂa, is baaﬁc in aqueaua salutiaﬁe
tormination of free hvaﬁazina

axmionia preﬁent 4in -

nearly always present in hgdrazinﬁ

armonie is therefore & necessary

rhis evaluation includes a number of

¢ 8 hnewn amounts of emmonia added to tha‘

ydrazine solution, up to 12,57 of the weight of

o correction for the ame

_15.4 Sin;e amnsnia is

hydrazine. Since virtually all of these semples show move

ammonia present than was introduced into the original samples,
and since the guantity of this excess armonia remains constant
regardless of the smount of added ammonia, 1t 1s concluded ,
,hat all seuples of the standardized hydrazine solution conbalnsd
approxluately O. 0003 grems of smmonia. The results of the
determinations of samples with added amounts ef ammonia indicate
that emonia can be determined with an error of 1% at 104 - -
srmonia in hydrazine, 2% at 5% ammonia in hydreazine, and 504
at 0.2% armonis in hydrazine. The values for percent average
deviation are the same as the values for percent error.

23 It is recommended tha®t any spplication of the anslytical

moethod follow as cl.csely as possible the procsdure and condlitisns
of this svaluestion., In adaitiong gampling should be don2 so as
to prevent access of air to basic solutions containing hydrazine,
gince hydrazine rescts with oxygen and with carbon dioxide. It
is convenlent to use a amall tared glass bulb with a leng, thin,
drawn caplllsry stem for sampling. The bulb is heated over =
smell flasme to expel some of the alr. Immersing the end of the
capillary stem in the liguld %o be sampled perm;ts the 1liguid

to flow iInto the bulb as 1% coclz. Ths end of ths capillary is
sealed in a lams before the bulb ias welipghad. The tuldb lshrokenwmier
an excess of standard acid with a siirring rod., 3ince azid
solutlons of hydranine are not affected by oxygen or cerbon
dloxlde, this sssures that the hydrasine will not decomposs.

2o Titration of ssmrles uzing stesndard sclutions whose
concentrations difiler greably frem the concentration used for
the evaluation may rﬁsult in grester srror, ceused by changes
in the pH values of the end points and in differences in the
magnitudes of these changes. It is suggested that standard
acid and base soluiilons be aprroximately 0.15 normal and that
ths size of sampjes be adjusted =0 as to conbain between. 0 1
and 0.2 grams of total hydrazine.

25, Figure 1l shows that axmonis concsntrations of J?o
repress the inflection obtalned ster the addition o? &batOﬁﬂa
This indicates thai free and LOﬁthPﬁ hydragzline determinaticns
are less accurate at higher armoria concentrations.

: 10 .
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. Iable III
Titrations of Hydrasine-Ammonia Mixtures, pH Meter Frd Points

- s &__.ai s “ﬁ ;’L“EL

0.1406 0,0000 041405  0.1406 0,000} =0.07  0.00 +0,000L
0.1406 0,0000 O0.140) 0.1403 0,0003 «0.ll ~0.21 +0.0003
0.1406 0,0000 0.140l 0,102 0,0002 0.1} =0,29 +0,0002
0.1406 0,0177 0.1401 0.1398 0,0183 =0.36 =0.57 +0,0006
0.1406 0,0077 0.1392 0.1394 0.0162 <1,00 «0.86 +0.0005

AVERAGE =0e3h  =0.39 +0.000
X STANDARD DEVIATION 0.39  0.37 0,0003
i
i
L | |
’ 13 =
| CONF IDENTIAL |
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. Table IV
Titrations of Hydrazine-Ammonia Mixtures, Color Indicated End Foints

Sample, grams Recovery Percent Error Differonoe
Free %a.l

R, W, WE  Tm  m,  Gh  mw 5

0.1]4.01 0.0000 001387 001395 0.0005 -1.00 -oo "'0.0005
0.115.01 0.0000 001387 001392 000006 "1000 "O. +0.0006
0.1301 0.0000 0.13°0 0.1332 o.,oogz «0,79 =0,50 m.m
0. 0,0000 0.1 0.13 ; '

0.1391 0,0000- 0,1 0.1392 0,000 «0,
0.1391 0,0000 0.1385 o.1382 0,0002 =0.3 =0.,50 +0,0002

001391 OQOwO 01380 00138 0.00(IE -0079 -0036 +0,
0.1391 0,0000 0,1376 0.1383 040005 «1.0 -0.57 +0,0
0.1391 C,0000 0,1372 0,1382 0,0005 =1.3 +o.ooos
0.1391 0,0000 0.1378 0.1383 0.0005 <0.93 -o. +0,6005
0.1391 0,0000 o.13 0 0.,1385 0,0003 «0,79 g +0,000
0.1391 0.0000 0,1378 0.1383 0.0 «0,93 7 +0.000l;
Oe 0,00 01395 00,1401 0,0018 <0, 00 +0,000Y

0,1401 0.0 o.13 2 0.1397 0,0026 <0, -0.49 +0,000]
0.1400 0,0022 0,1388 0;1393 0.,0026 -o.gz «0.50 +0,0
0.1401 0,0027 0.1339 0,139 :
o,1ﬁnu Oe o.1399 07 0.0 0.1l +0, 0.,0000
0.1391 0,0052 0,1393 o.1 95 0,0049 +0,1} +0.29 «0,0003
0.1391 0,0052 0.1382 0.1395 00019
- 0,139 0,0052 0.,1385 0.1385 0.0053 0,43 g
001391 0,0052 0.1381 0.1386 0,0055 -0.T1 -0.3 +0,0003
0 01391 060052 0 0&381 .1386 O; .
0.1391 0,0052 0.1383 0.,1386 0,00 0,57 -0.36 +0,0002
001391 0.0052 ) 0138 001331 000051‘. -001% 0.00 -0-0.0002
0.1391 0,0082 0.1 01286 0,005); =0.3 =036 +0,3002
0.1406 0,0177 0,106 0.1505 0.,0180 0,00 =0.07 +0.0003
Coll0b Q.0177 001399 0,1400 0,0178 =0,50 =0.U43 +0.0001

AVERAGE «0.57 «0,29 +0,0003 ;
STANDARD DEVIATION 0,37 0.29 0,0002 |
corrroiiirraL
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Estimated Accuracy for Anslysis of lixtures Containing Hydrazine,
Hydrazine Nitrate, and Water in Relative Percent.

Ratio Sample Percent Error

4 Hydrazine Sice,Grams Hydrazine Hydrazine
to Hydrazine Detormina- Ritrate
4 Hydrazine Plus Grams tion Detormina-
Nitrate Hydragzine tion
Kitrate

1:0 0.15 -0.6 -———

7:1 0.16 -0.6 -T.2

3:1 0.16 -0.7 "3.6

5:3 0.20 -0.8 -2

1:1 0.22 -0.9 -1.8

3:5 0.26 -1.0 ~1.

1:3 0.30 -102 "1.2

1:7 0.36 -Zoh "'0.8

0:1 0.L5 -—- -0.6

15
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